M
any low-and middle-income countries are faced with the challenge of managing cardiovascular disease (CVD) with limited resources. [1] [2] [3] [4] [5] In China, efforts to reduce the burden of CVD have primarily focused on improving the quality of care for acute myocardial infarction (AMI) and percutaneous coronary intervention (PCI). 6, 7 Yet, little attention has been given to disease prevention and especially secondary CVD prevention. Moreover, efforts to improve risk factor control are challenged by an ambulatory care system that is fragmented and overwhelmed by high patient to physician ratios, leaving little time for education, counseling, and support. Feasible, resourcesensitive strategies are needed to mitigate the burden of CVD in China.
Text messaging is increasingly recognized as a means of engaging patients, changing behaviors, and modifying risk factors. Numerous studies have demonstrated that in particular populations, text messaging may have salutary effects for relatively little marginal cost. [8] [9] [10] [11] [12] [13] However, these studies need further validation as they have studied relatively small populations and still represent early efforts to develop interventions that can be integrated into practice. Moreover, these interventions need to be developed and tested in different languages and with different cultures to demonstrate their durability in producing a benefit. 14 China is an ideal setting for a text messaging intervention focused on CVD. Mobile devices are common throughout the population, even among older individuals. With the increasing burden of cardiovascular risk factors in China, a country with constrained resources, there is significant opportunity to trial the feasibility and effectiveness of text messaging interventions.
Prior studies have shown text messaging to be effective in risk factor modifications such as smoking cessation, healthy dietary habits, increased physical activity, and hypertension control. [8] [9] [10] [11] [12] [13] [14] However, most of these studies focused on impacting a single risk factor and were not designed to address the multitude of risk factors that are important to achieve cardiovascular risk reduction. In China, text message interventions that target multiple risk factors may hold value because patients are not likely to receive health messages about prevention from multiple sources. Moreover, if text messaging is feasible and acceptable to patients with CVD, then this strategy can open opportunities to achieve effective secondary prevention.
Accordingly, we developed the CHAT study (Cardiovascular Health and Text Messaging) to determine whether text messages could improve the risk profile for patients with a prior history of coronary heart disease (CHD) in China. The message content was designed based on secondary prevention guidelines for CHD and behavioral change theory. We focused on change in blood pressure (BP) as the primary end point because of its impact on cardiovascular risk, accounting for onethird of the attributable risk of death from CVD, 15 even for those with established CVD but without hypertension. 16 We assessed improvements in other cardiovascular risk factors as secondary end points.
METHODS
It is our future plan to share the data of this study. However, we are unable to do so at this time.
Study Design
The design of the CHAT study has been described previously. 17 In brief, the study was a multicenter, single-blind, parallel design, randomized controlled trial. In total, 822 individuals with CHD were recruited from 37 hospitals across 21 provinces in China between August 2016 and March 2017 (Figure 1 ). Patients with comorbid diabetes mellitus were excluded from this study but were eligible for a similar though distinct study, also testing the effect of text messaging. 17 All study participants provided written informed consent at the initial trial visit. Ethical approval was obtained from the central ethics committees at the China National Center for Cardiovascular Disease and the Yale University Institutional Review Board. All collaborating hospitals accepted the central ethics approval except for 8, which obtained local approval by internal ethics committees.
Participants
Potential participants were identified from 2 completed observational studies of patients hospitalized for AMI or PCI, the China Patient-centered Evaluative Assessment of
WHAT IS KNOWN
• Feasible, resource-sensitive strategies are needed to mitigate the burden of cardiovascular disease in China.
• Text messaging is shown to be effective in risk factor modifications, such as smoking cessation, healthy dietary habits, increased physical activity, and hypertension control.
• China, where mobile devices are common throughout the population, is an ideal setting for a text messaging intervention focused on cardiovascular disease.
WHAT THE STUDY ADDS
• Text messaging to support secondary prevention of coronary heart disease did not lead to a significant difference in blood pressure reduction at 6 months, compared with controls.
• This study demonstrates that a texting messaging intervention to support cardiovascular disease prevention goals was feasible across diverse settings and patient populations and was highly acceptable to patients.
Cardiac Events prospective AMI study and the China Patientcentered Evaluative Assessment of Cardiac Events prospective PCI study, respectively. 18, 19 In the parent studies, patients were followed for a year after their index hospitalization for AMI or PCI from 2013 to 2014. Patients were eligible if they were 18 years of age or older, had a documented history of CHD (AMI and PCI) but without diabetes mellitus, had access to a mobile phone to read and send text messages, and were willing to participate. Patients were excluded if they had communication or cognitive disorders or were unable to provide informed consent. Demographic information and reasons for study refusal or withdrawal were recorded for each patient screened.
Randomization
Participants were randomized to either the intervention or control group in a 1:1 ratio through a computerized randomization system after collecting the information of participants at their baseline visit. Randomization was stratified by age, sex, MI history, educational attainment, and medical insurance type to ensure balance in participant characteristics in both study arms. Because of the nature of the intervention, participants were aware of their treatment allocation. Researchers, statisticians, and clinic staff were masked to treatment allocation until the end of the study.
Intervention
The intervention was designed as a secondary prevention program in which regular text messages were sent to participants according to a prespecified algorithm. Specifically, in addition to usual care, participants in the intervention group received 6 messages per week and the control group received 2 thank you text messages per month during the 6-month study period. All messages were randomly selected by our software system from relevant modules and sent at 1 of 3 random times (9:00 am, 12:00 pm, or 4:00 pm) during weekends and weekdays (excluding Monday to provide participants a break). The selection of times for delivering the text messages were based on the experience of the Tobacco, Exercise and Diet Messages (TEXT ME) study and feedback from a pilot study conducted in a subset of patients with CHD for the purpose of defining the specifications of the intervention.
14 Patients in the intervention group received one of each of the following message types per week: general disease knowledge of CHD, BP control, medication adherence, physical activity, healthy diet, and smoking cessation (only for smokers). All participants, including those in the control arm, received a personalized welcoming message, a birthday greeting, and a follow-up reminder during the study period. These messages, and some messages in the intervention arm, were semipersonalized with the participants' preferred name. Examples of the text messages have previously been published (Table 1) . 17 A multidisciplinary team of cardiologists, endocrinologists, psychologists, nurses, linguists, and patients developed the text message bank used for the intervention through a systematic and iterative approach. Messages were developed based on existing secondary prevention guidelines for CHD and behavioral change techniques, intended to provide education, advice, motivation, and support within a framework similar to the TEXT ME study with input from their investigators. 14, 17 A user test and pilot study were conducted to collect patient feedback on a sample of messages to make the overall text bank more simple, practical, and easy to understand. Text bank messages were also modified to increase their compatibility with the Chinese culture. For example, some messages used aphorisms and catchy rhyme schemes to make them more interesting and acceptable to patients.
After enrollment, participants practiced receiving, reading, and responding to text messages from the study system in front of research staff to ensure their capability of using the text message function of their mobile phone. Participants were informed that they could withdraw from the study by responding to any of the text messages with a specific character. The study researchers monitored the message delivery status, assessing the proportion of messages successfully delivered and reasons for any message failures. When a message was undelivered, a research assistant would contact the patient's relative or friend to confirm or update the correct phone number. Most of the text messages were intended for unidirectional communication; participants were not expected to reply. However, bidirectional text messages, assessing medication adherence, and BP/glucose level measurements were sent at weekly intervals to evaluate patient engagement. Central research staff monitored patient responses without any interactive communication.
Outcome Measures and Data Collection
The primary outcome was the change in systolic BP (SBP) from baseline to 6 months. In addition, a set of analyses were conducted to explore whether any observed effects were consistent across prespecified subgroups of interest: age (<60 versus ≥60 years), sex (male versus female), region (rural versus urban), education (<12 versus ≥12 years), smoking status (nonsmoker versus smoker), tertiles of baseline SBP (90.0-123.0 versus 123.5-136.0 versus 146.5-207.0 mm Hg), and baseline BP control (<140 versus ≥140 mm Hg). Secondary outcomes included net change in LDL-C (low-density lipoprotein cholesterol), body mass index (BMI), physical activity, and smoking cessation. Additionally, we conducted analyses examining the effect of the intervention on the proportion of participants achieving guideline-recommended levels of risk factors (LDL-C <70 mg/dL, SBP <140 mm Hg, exercising regularly [≥5 d/week×30 minutes of moderate activity per session], and BMI <24). We also assessed the proportion of participants in each study arm who achieved the goals for multiple risk factors. Exploratory outcomes included health status at 6 months measured by the Seattle Angina Questionnaire 20 and EuroQol 5-dimensional questionnaire. 21 Data were collected at baseline and the 6-month followup visit for all participants. Age, sex, socioeconomic status, current medications, and hospitalizations that occurred during follow-up were collected by self-reported questionnaires. At baseline and follow-up, height, weight, and BP were measured by standardized procedures. BP was measured using an electronic device (HEM-7111; Omron) and calculated as the mean of 2 resting, seated measurements taken at least 5 minutes apart. If the difference between the 2 SBP or diastolic blood pressure readings was larger than 5 mm Hg, a third measurement was performed, and the mean value of the 3 readings was analyzed. 22, 23 Physical activity was measured in metabolic equivalents of task/(minute×week), using the short version of the International Physical Activity Questionnaire (IPAQ). 24, 25 Health status was measured using the short versions of Seattle Angina Questionnaire and EuroQol 5-dimensional questionnaire. Blood samples for LDL-C were analyzed at the central National Center for Cardiovascular Disease laboratory in Beijing by trained researchers following standard operating procedures.
At the 6-months follow-up visit, patients in the intervention group were surveyed about the acceptability and feasibility of the text messaging program. The questions mainly queried the usefulness and ease of understanding the text messages as well as preferred frequency and overall duration of the program.
Statistical Analysis
We previously estimated that a sample size of 800 would provide 80% power (1-sided α=0.05) to detect an absolute difference of 5 mm Hg in SBP in the intervention group and no change in the control group at 6 months. This sample size allowed for a 20% loss to follow-up during the study period.
All analyses were conducted using intention-to-treat principle. We used frequencies with percentages to describe categorical variables and means with SDs to describe continuous variables. The primary analysis used ANCOVA. The same methods were used in the analysis of the continuous secondary outcomes. For categorical secondary outcomes, log-binomial regression was used to compare groups and calculate relative risk at 6 months. Subgroup analyses are presented as mean difference with 95% CIs. Item response 
Table 1. Examples of Text Messages
General information on CHD The most common risk factors for coronary artery disease are smoking, obesity, high blood pressure, high cholesterol, and diabetes mellitus. However, most of them can be controlled in an appropriate way.
Blood pressure control
Most people do not experience any symptoms of high blood pressure. Do not stop taking blood pressure medication unless directed by your doctor. It is important for patients with hypertension to take medication diligently and to monitor their blood pressure on a regular basis.
Medication adherence
Do you have a problem remembering to take your blood pressure medications? If so, try to tell your family about your medicine schedule so they can remind you.
Physical activity
You can still choose low-intensity exercise, such as walking and Tai Chi, even after having a heart attack, Go at a slower pace and stick to your exercise plan. Always consult your physician before beginning any exercise program.
Smoking cessation
Do you worry about your family having health problems because of your smoking? Quitting is an important choice you can make to benefit your family's health, too. Secondhand smoke can cause respiratory disease, lung cancer, and heart disease.
CHD indicates coronary heart disease.
to surveys about the acceptability of the intervention were reported as frequencies.
All tests of significance were 2-tailed, with an α of 0.05. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS
Between August 2016 and April 2017, 3392 patients were screened for eligibility. Among these, 822 patients were enrolled and randomly assigned to the intervention (n=411) or control group (n=411; Figure 1 ). During the study period, only 3 (0.4%) patients were lost to follow-up, 1 (0.1%) died. Additionally, 11 (1.3%) were excluded from the primary analysis because of missing BP results at baseline or follow-up. The median duration of follow-up was 6.1 months. The mean age was 56.4 (SD 9.5) years, 14.1% were female, 78.2% were from urban areas, mean SBP was 131.1 mm Hg, and mean LDL-C level was 96.8 mg/dL. Baseline characteristics were similar between the intervention and control groups ( Table 2) .
Text Messaging Intervention
A total of 74 984 messages were sent to the participants during the study period, with 97.5% of the messages delivered successfully. The participants in the intervention group received ≈159 text messages during the 6-month period. The average cost per message was 5 cents renminbi, resulting in an average cost per participant of 7.95 renminbi (<$1.5 USD) for the 6-month prevention program. Table 3 ). In most of the subgroups tested, we did not detect a difference in the primary outcome (Figure 2 ).
Secondary Analyses
The mean (SD) LDL-C was slightly reduced from 94.5 (SD 28.1) mg/dL at baseline to 93.6 (SD 27.7) mg/dL at 6 months in the intervention group, whereas in the control group the mean LDL-C level increased slightly from 99.1 (SD 31.2) to 99.3 (SD 30.8) mg/dL during the study period. The difference in the change of LDL-C (−1.3 mg/dL [95% CI, −4.9 to 2.2], P=0.453) between the 2 groups was not significant. There were no differences in the change in BMI, physical activity, smoking status, or proportion of SBP <140 mm Hg between the 2 groups (Table 3) . However, the participants in the intervention arm reported higher levels of physical activity at 6 months. Finally, there were more patients with BMI <24 kg/m 2 (P=0.042) or with at least 3 key risk factors at optimal levels (P=0.004) in the intervention group compared with the control group (Table 4) .
Acceptability and Utility Measures
Among the 411 participants in the intervention group who attended the 6-month follow-up visit, 405 (98.5%) responded to the acceptability and utility survey (Table 5 ). The vast majority of the patients perceived the text messages as easy to understand (98.8%) and useful (96.1%). Over 80% of patients had read >75% of the messages during the study period and saved about 69.4% of the messages for further learning. Nearly 94.8% of participants reported that they would be willing to continue receiving the text messages to improve their knowledge and support disease management in the future.
DISCUSSION
In this multicenter, randomized controlled trial of mobile phone text messaging to support secondary CVD prevention versus usual care in a population with CHD, we found a modest but nonsignificant difference in the change in blood pressure from baseline to 6 months. Nonetheless, the delivery of mobile BMI indicates body mass index; EQ-5D, EuroQol 5-dimensional questionnaire; LDL-C, low-density lipoprotein cholesterol; MET, metabolic equivalent task; SAQ, Seattle Angina Questionnaire; and SBP, systolic blood pressure.
*Comparison of mean difference in the changes from baseline to 6 mo between groups. †Comparison of mean difference in 6-mo end points between groups.
phone text messages was feasible and overwhelmingly acceptable to patients, which is encouraging for future studies of mobile text messaging to support secondary prevention goals. To our knowledge, this is the first study conducted in a developing country to test the effectiveness of mobile phone text messages supporting secondary prevention on the improvement of key cardiovascular risk factors among patients with CHD. Our study was modeled from the TEXT-ME study, conducted in a single-center in Australia.
14 In that study, there were significant improvements in LDL-C levels and in SBP, BMI, and physical activity. Moreover, the intervention was positively received among participants. Our study expands these findings. While our intervention used similar text messaging content, significant effort and testing went into the development of the text messages so that they would be meaningful to Chinese patients. Our study demonstrates that in a country like China, which is geographically and economically diverse, these text messages were universally accepted; moreover, it is feasible to implement a text-based messaging intervention across a vast territory and range of cultural settings. Finally, while the reductions in SBP were smaller in magnitude to the reductions observed in the TEXT-ME study, the small reductions observed signal that this strategy is worthy of further investigation, potentially with more intentionally selected populations in whom risk factors at baseline are not well-controlled, the effect would be more robust. Moreover, while the study was powered to detect a 5 mm Hg difference, at the population level, smaller differences in blood pressure may still make this a worthwhile intervention to implement.
Unlike prior studies, our study enrolled patients with CHD, though did not restrict to those individuals with uncontrolled blood pressure, which may explain the lack of effect on the primary outcome. 13, 26, 27 Specifically, enrollment was not predicated on blood pressure values, and nearly 3 quarters of patients had controlled blood pressure at baseline. In the TEXT-ME study, BP control in the intervention group worsened, while BP in the usual care group remained stable, suggesting that more work is needed to impact BP control. For example, substantial lifestyle modifications are needed to lower SBP, and in this study, physical activity and BMI were not significantly improved by the intervention although the levels of physical activity were greater at 6 months. Overall, the intervention in our study was not as effective as that in the TEXT-ME study. There are several differences between the 2 studies that may at least partially explain the differences in findings. First, the TEXT-ME study was conducted at a single site, which may have been better integrated into the health care delivery system of that site. Second, baseline differences in the uptake of traditional secondary prevention strategies between the 2 countries may have impacted the effectiveness of the intervention. Additionally, in our study, the mean duration from the qualifying AMI/PCI to enrollment was about 3 years. As such, participants may have been less motivated to engage in preventive care; alternatively, risk factor modification may have already been maximized-both of which may have accounted for why the intervention was not effective in our study. Taken together, these considerations can help to inform future studies of text messaging for BP control and CVD prevention in general. For example, text messaging interventions may need to be better tailored to the specific unmet cardiovascular goals of each person. Additionally, text message interventions could be combined with data from mobile health wearable devices or from the medical record and could be tied to participants' medical care.
Although this study was not positive with respect to the primary outcome, there are important lessons that were learned in developing interventions for low-and middle-income countries with limited resources. Text messages providing educational and motivational information to advance secondary prevention goals were feasible to develop and were highly acceptable to participants. With the expanding market for mobile health in China, and spending estimated to exceed 10 billion renminbi (equivalent to $1.6 billion) in 2017, 28 there is a need for more large-scale studies evaluating the effectiveness of mobile health, including text message-based interventions. Our study highlights the feasibility of evaluating an intervention across diverse geographic and economic regions in China. Specifically, given the significant variation in health system capacity and quality in China, 29 this study represents a low-cost, simple strategy for supporting the goals of CVD prevention; whether text messaging is effective for primary pre- vention or for filling gaps in disease management needs further study.
Our study should be interpreted in the context of several limitations. First, although we provided guidance about eating a healthy diet, there was no specific measurement for the outcome of healthy diet; however, we did not observe a difference in BMI. Second, one of the secondary outcomes physical activity was measured via self-report. Third, although the text messages were semipersonalized, more tailored text messaging based on geographic and clinical characteristics of the patients may have improved the effectiveness of the intervention. Fourth, the intervention only targeted patient-initiated behavior change; however, interventions aimed at both patients and providers could be helpful to close the gap between guideline and clinical practice. Fifth, the trial could not be completely blinded. We minimized any potential bias by not disclosing the group allocation of patients to data collectors and by using objective measures as primary and key secondary outcomes. Sixth, we did not assess health literacy among participants, which could influence the success of the intervention. Nevertheless, the messages were constructed to have widespread understandabilityand were pilot tested before implementation. Finally, we only assessed the cost of text messages delivered in this 6-month program. A formal cost-effectiveness analysis is needed to determine the value of the intervention in resource-constrained settings.
CONCLUSIONS
Compared with usual care alone, text messages supporting secondary CVD prevention among patients with CHD did not result in significantly lower blood pressure at 6 months. However, mobile phone text messages for secondary prevention was feasible and highly acceptable to patients. The findings in our study suggest that text messaging can achieve modest effects in risk factor control, though more studies are needed on how best to optimize the intervention to achieve the desired impact. Our study has paved the way to make mobile health technology-based intervention embedded into practice as an innovational model of care. 
